Abstract
Introduction
Consequence of the rapid growth of consumer products such as tires has greatly induced environmental problems. Algeria alone generates approximately 25918.50 tons/year of used tires [1] . Numerous technical solutions and integrated management system related to end of life tyres are proposed [2] [3] [4] [5] [6] .
The growing interest in utilizing waste material in civil engineering applications has opened the possibility of constructing with unconventional materials. Cement-based materials are characterized by their poor ductility and are sensitive to cracking, particularly to shrinkage cracking, due to the rigidity. The concrete incorporating tire rubber waste is expected to have higher fracture and cracking resistance. Siddique and Naik [7] , Khaloo et al. [8] showed in an experimental investigation that the addition of rubber decreases the material unit weight. For structural applications of lightweight concrete, strength decreased and reduces the dead load, foundation size and construction coasts.
Many researchers are interested in the study of the properties at hardened state of concrete containing tire waste tire but very few of them have thought about the properties at fresh state of this type of concrete. Slump tests were performed on rubberized concrete by Raghvan et al. [9] , Khatib and Bayomy [10] , Aiello and Leuzzi [2] . Air content tests were performed by Fedroff et al. [11] et Khatib and Bayomy [10] .
The behavior of fresh concrete from mixing up to compaction depends mainly on the property called "workability of concrete". In general terms, workability represents the amount of work which is to be done to compact the concrete in a given mould. ASTM C 125 -03 [12] describes workability of concrete as "that property determining the effort required to manipulate a freshly mixed quantity of concrete with minimum loss of homogeneity." Workability can be affected by: specific surface area of the cement, water content, surface texture of aggregate, use of admixtures, mix proportions, shape and grading of aggregates. Workability depends not only on the properties of the concrete, but also on the nature of the application.
More than 60 test methods for measuring concrete workabil-ity have been developed for a single project or for a specific application and have been sparsely reported in the literature [13] . Several researchers have studied the workability of rubberized concrete but without considering the lightness of rubber aggregate and their lower water absorption, for this an experimental program was undertaken. Its aims to investigate properties of fresh scrap tire reinforced concrete.
This work aimed to examine workability of six mixtures of lightweight concrete incorporating scrap tire aggregates which are compared with referential plain concrete. Slump, air content, density and compaction tests were performed on the seven fresh concrete mixtures but also the bleeding speed, segregation degree and gravel and rubber forces undergoing are examined 2 Materials 2.1 Scrap tire rubber Tire rubber particles consist of a complex mixture of elastomers, polyisoprene, polybutadiene and styrene-butadiene. Stearic acid (1.2%), zinc oxide (1.9%), extender oil (1.9%) and carbon black (31.0%) are also important components of tires [14, 15] . The rubber particles Fig. (1) were obtained by manual shredding at ambient temperature (20°C). They are characterized by different size and shape. These aggregates have rough and flat surfaces, containing textile fibers. A 24 hours water absorption, in normal conditions of temperature and pressure, of the rubber particles is about 0.1% Figure 2 shows the grading curves of used sand, gravel, granule rubber and crumb rubber. It should be noted that there is a slight difference between the grading of the natural aggregates and rubber aggregates since the latter has been shredded manually. mixtures, first, the gravel fraction of aggregate grading was substituted by granules rubber in different weight ratios, then gravel and sand were substituted with granule rubber and crumb rubber in the same weight ratios. Table 1 displays the concrete compositions where each mixtures is coded using the format CXxn. The letter C indicates concrete Cre f indicates referential concrete (no substitutions). R indicates granules rubber replacing a gravel fraction of aggregate. Rm indicates granules rubber and crumb rubber replacing a gravel and sand fraction of aggregate and n indicates ratio of substitution.
Aggregates
The ratios of substitution were ; 7.5 and 10% by weight. For example CRm7.5 is lightweight concrete incorporating 7.5% of granules rubber and crumb rubber in mixed replacement by weight of gravel and sand. 3 Fresh state methods
Slump test
The slump test was developed in the early 20th century; concrete researchers were just beginning to recognize the importance of water content in predicting concrete strength [16] .
The slump test gives an indication of the water content, thus the hardened strength of concrete. The ability to improve strength by controlling concrete consistency represented a new advance for the concrete industry. The slump test was quickly adopted because of its simplicity [13, 17] .
Raghvan et al. [9] have reported that mortars incorporating rubber shreds achieved workability (defined as the ease with which mortar/concrete can be mixed, transported and placed) comparable to or better than a control mortar without rubber particles.
Khatib and Bayomy [10] investigated the workability of rubberized concrete and reported that there is a decrease in slump with increase in rubber content as a percentage of total aggregate volume. They further noted that at rubber contents of 40%, slump was almost zero and concrete was not workable manually. It was also observed that mixtures made with fine crumb rubber were more workable than those with coarse tire chips or combination of tire chips and crumb rubber.
Aiello and Leuzzi [2] noted that workability of fresh concrete is slightly improved by the partial substitution of coarse or fine aggregate with rubber shreds. This means that rubberized concrete can be mixed, cast and vibrated using equipment and procedures adopted for conventional concrete.
For this study, slump tests were performed according to the standard NF P 18-437 [18] .
Bleeding and Segregation Measurement
The bleeding speed and segregation degree were quantified and their method is described in [19] . A sample of concrete of 3000 ml was put into a container with 15 cm diameter and 30 cm height. The concrete was equally tamped for 10 times by a tamper and the surface was flattered. The container was putted on ground and stayed immobile for 30 min, then a burette was used to assimilate the water bleeding on the surface of the concrete, and the volume of bleeding water was measured with a 5 ml graduate. As shown in Fig. 3 , the 1000 ml concrete top level and 1000 ml concrete down level were taken, the mortar and sand were washed, and the gravel's weight were measured. The bleeding parameter B is defined as shown in the following equation,
Where V b is the volume of surface bleeding and V w is the volume of water in the sample.
The segregation parameter V is defined as shown in the following equation,
Where m 2 the gravel's weight of the down level and m 1 is the gravel's weight of the up level.
In practical working situations, B less than 1 means good bleeding resistance, and V less than 1.1 means good segregation resistance.
Because rubber density is about 0.92 (lower than 1), granule rubber and crumb rubber are concentrated in the up level (Fig. 3) . For this, for concrete incorporating rubber, Eq. (2) is altered as shown in Eq. (3). The segregation parameter is calculated as the sum of segregation parameters of gravel's and rubber's aggregates.
Where m 2 and m 2 are gravel's and rubber's weights of the down level and m 1 and m 1 are gravel's and rubber's weights of the up level. Fig. 3 . 3000 ml sample sketch map for referential and lightweight concretes Models for estimating the yield stress are numerous. However, these models are mainly applicable to powder suspensions, and according to Touto and Roussel [20] , they cannot be applied to fresh concrete.
Hu et al. [21] developed an expression for yield stress in terms of slump and density, as shown in Eq. (4). Ferraris and De Larrard [22] altered equation [4] as shown in Eq. (5). Murata and Kikukawa [23] developed an empirical equation for yield stress in terms of slump for concretes, as shown in Eq. (6). Table 2 summarize yield stress expressions. Figure 4 shows the forces exerting on rubber and gravels in concrete, G 1 /G 2 ratio is greater than 2, so the gravity pulls the gravels down, which is resisted by mortar, finally equilibrium is reached to form the aggregates distribution, this is the process of segregation. Recently Spangenberg et al. [24] studied the aggregate migration patterns during fluid concrete castings and the aggregates' distribution relating to the rheology parameters. The speed of gravel's going down is very slow so the viscosity's impact on the segregation is not obvious. On the other hand, as segregation is the result of stone's gravity overcomes the shearing stress of the mortar at very slow velocity, the segregation is dominated by the yield stress.
Density
Even if any concrete contains sufficient water to fill the voids of the solid skeleton, there is always a certain volume of air. The quantitative evaluation of the air entrapped predicts the mechanical properties of the hardened concrete. There are three methods to measure this parameter: gravimetric, volumetric and pressure meter method. The pressure meter method [25] is used in our test because it is considered as most reliable and accurate method.
Air content
Air content concrete is typically specified in areas of the country where frost-related damage can occur. The measurement of air content in fresh concrete of normal density is typically performed using the pressure method [26] .
Fedroff et al. [11] have reported higher air content in rubberized concrete mixtures than control mixtures even without the use of air-entraining admixture (AEA). Similar observations were also made by Khatib and Bayomy [10] . This may be due to the non-polar nature of rubber particles and their tendency to entrap air in their rough surfaces.
Also when rubber is added to a concrete mixture, it may attract air as it has the tendency to repel water, and then air may adhere to the rubber particles. Therefore, increasing the rubber content results in higher air contents in rubberized concrete mixtures, thereby decreasing the unit weight of the mixtures [7] . Low density seems to be one of the major characteristics of lightweight concretes, its determination is therefore essential. The measurements are carried out according to NF P18-440 standard [27] .
Compaction Test
Like the compaction factor test, the compaction test [28, 29] expresses workability in terms of compactability of a concrete sample. The test was developed during the 1960s in Germany and is standardized in Europe as EN 12350-4 [30] . The test apparatus, is extremely simple. It consists merely of a tall, rigid metal container with side dimensions of 200 mm and a height of 400 mm. The top of the container is open. This latter is filled with fresh concrete without compaction. After the top of the filled container has been strucked, the concrete is compacted with a tamping rod or, more commonly, with vibration until the concrete ceases to subside in the box. According to the European standard, EN12350-4 [30] , the concrete must be compacted using an internal or external vibrator operating at a specified frequency. The distance from the top of the concrete to the top of the container is measured at the four corners of the container. The degree of compaction is calculated as the height of the container divided by the average height of the compacted concrete.
Typical test results range from 1.02 to 1.50. Unlike the compaction factor test, a standard amount of energy is not imparted into the system.
Results and discussions 4.1 Measurement of Slump (Abrams Cone)
The consistencies was measured with slump test are of the order of 5 cm (Fig. 5) , which corresponds to lightweight concretes farms requiring energy in its installation. It is noted that the addition of rubber granulates has decreased workability of the mixtures studied. Several researchers have shown that the shape and texture of rubber aggregates significantly affects the workability of concretes [13, 31, 32] . Thus, the deviation of the spherical shape leads to increase viscosity. This necessitates a higher volume of paste to be able to rotate freely and avoid interaggregate friction. 
Bleeding and segregation resistance
Bleeding parameter B for referential concrete was less than 1 which means good bleeding resistance, but for concrete incorporation scrap tire rubber B was equal or more than 1 (Fig. 6) . The biggest value was observed for CRm7.5 and CRm10, this can be due to the rubber granule content and the lowest water absorption of rubber. Ab-Malek and Stevenson [33] studied the effect of 42-year immersion in seawater on natural rubber; they concluded that the water absorbed by the rubber was less than 5% of its dry mass.
The segregation parameter V is used to evaluate the degree of segregation, a larger V indicates more segregation of the aggregates. When V is lower than 1.1, the concrete would not see apparently segregation, this can be considered as negligible and the concrete has good segregation resistance [19] .
Values of segregation parameters were computed using Eqs. (2) and (3), it is necessary to specify than for concrete incorporating scrap tire rubber m 2 tends to zero for 21/35 cases. Rubber aggregate are concentrated in the up level. For referential concrete the segregation parameter is less than 1.1 which means good segregation resistance. For concrete incorporation scrap tire rubber V ranges from 1.1 to 1.5 when V ranges from 1.15 to 1.3 (Fig. 6) . Figure 6 show values of bleeding and segregation parameters for studied mixtures. 
Density
The densities of lightweight concretes were measured immediately after mixing. The lowest value corresponds to CRm10 (Fig. 7) , which is logical given the amount and form of the rubber aggregates introduced into its composition. Overall the obtained results express a steady fall in the density in presence of these aggregates which was demonstrated in several research projects [34] .
Air Content
This test is used to measure the total air content of fresh concrete and to test whether the concrete is fully compacted.
In this research it was found that the air content of the lightweight concretes tested was between 2.45 and 3.1%, this parameter increases with the rate of substitution.
In particular, the air occluded measured for each of the six lightweight concretes is entirely acceptable. Also, its presence in concrete is inevitable (without air-entraining) after drying, and may reach 2 to 5%. Fedroff et al. [11] ; Naik and Siddique [34] have shown that during mixing the rubber aggregates have an ability to trap air in the surface roughness increasing significantly the volume of air in the concrete. So shape, size and quantity of the rubber aggregates used in lightweight concretes obtained (particularly in CR10) are responsible of the increasing of air content. Several hypotheses can be advanced as explanations i.e. it is impossible to judge the influence of w/c ratio (0.5) on lightweight concretes studied, since this ratio was maintained constant.
Compaction Test
The compactness has been described to date as property affecting the quality of the finished product. It is difficult to give absolute values for this parameter, ensuring easy installation of fresh lightweight concrete [35] .
However, it exists in the literature experimental research made on samples of concretes in situ but the lightweight concrete is not found [36] . As regards this research (Fig. 8 ) lightweight concretes obtained from both compositions are in the second class (Table 3) .
During the execution of this test, the rubber aggregates tend to concentrate on the surface of the sample (segregation phenomenon) and oddly all mixtures tested belong to the same compacting classes. This can be explained as the test is not suitable for this type of concrete.
Conclusions
The present work has investigated the effect of scrap tire rubber on the fresh state properties of concrete. Rubber aggregates CRg5 ; CRg7.5 ; CRg10 CRm5 ; CRm7.5 ; CRm10 Fresh concrete density and subsidence decreased with increase in rubber content. The measured air occluded for concretes incorporating rubber aggregate is entirely acceptable. The bleeding parameter increases when scrap rubber content is important since rubber water absorption is low. Although the segregation of rubber aggregate is visible, values of the segregation parameter V shown acceptable segregation resistance, for this equation of V may be altered as the sum of segregation parameters of gravel's and rubber's aggregates.
As suspected values of yield stress are affected by the increase of rubber aggregate since the density of rubberized concrete decrease with the increase of rubber aggregate content. For some application of concrete incorporating waste tire, rubber particles should be treated.
